In the present study, the effects of genetic group and heterosis on body measurements of purebreds (Charolais -C and Nellore -N), first-generation crossbreds (G1) (½ C ½ N and ½ N ½ C), and second-generation crossbreds (G2) (¾ C ¼ N and ¾ N ¼ C) males from rotational crossbreeding were evaluated at 8, 12, 18, and 24 months of age. Among the purebreds, the Nellore displayed greater rump height than the Charolais. The Charolais had greater thoracic perimeter than the Nellore, however this difference decreased gradually with advancing age, being equal between the two genetic groups at 24 months. For width of the rump, ischial opening and thoracic perimeter crossbred animals showed higher values than the purebred animals at all ages, but less pronounced at eight months of age. For all morphometric measurements, with exception of rump height, the differences of crossbreds males in relation to the purebreds, were more evident in relation to the Nellore. Heterosis was significant for morphometric measurements in male beef cattle. Morphometric measurements showed high correlation with each other and with body weight, thereby indicating that they are good indicators of body development. Key words: Bos taurus taurus. Bos taurus indicus. Charolais. Crosbreeding. Morphometric measurements. Nellore.
Introduction
The body growth of animals is typically assessed by measuring body weight without association with conformation measurements, however, given the interaction between these two variables, collectively they would better represent the growth of individuals (REZENDE et al., 2011) . Evaluating an animal by its body weight alone might be considered rather imprecise (PEREIRA et al., 2010) , because several environmental factors such as nutrition, management, and physiological and/or pathological factors may affect animal performance. In this regard, body measurements are less influenced by these factors, and their evaluation as a unit is highly recommended (VIEIRA et al., 2004; PACHECO et al., 2008) .
Although subjective, the evaluation of body conformation is a method of quantifying animal development qualitatively. However, if evaluated objectively, i.e., by recording body measurements, body conformation can be quantified more efficiently and in association with animal weight, thereby determining the most productive animals.
The identification of high and positive genetic correlations between body measurements and the weight of animals having consequently an increase in efficiency of production can help producers choose a trait of greater heritability, thus producing animals that are better adapted to the production system (PACHECO et al., 2008; REZENDE et al., 2011) . This also helps with the judging of show animals, which will be the sires/dams of commercial herds, because through body weight measurements at different life stages, heavier and more demanding animals are automatically selected. Analyzing animal maturity, Rocha et al. (2003) recommended evaluating body weight together with a linear measurement such as rump height to obtain better precision in results.
It is important to determine the pattern of measurements in the different animal biotypes, as well as the behavior of the heterosis of these traits, to help direct crossbreeding practices within commercial herds (MENEZES et al., 2008) . The objectives of the present study were to examine the effects of the mating system, the genetic groups within each mating system, and their interactions on the morphometric development of male beef cattle from 8 to 24 months of age, and to measure the resulting heterosis.
Material and Methods
The study was conducted in the Beef Cattle Unit of the Department of Animal Science at the Federal University of Santa Maria, located in Santa Maria, Rio Grande do Sul, Brazil. We used a total of 78 young males, (Charolais -C and Nellore -N) and crossbreds from the first (G1) (½ C ½ N and ½ N ½ C) and second (G2) (¾ C ¼ N and ¾ N ¼ C) generations of the alternate rotational crossbreeding of the Charolais and Nellore breeds, born during the same calving season and always maintained under the same nutritional and sanitary management conditions. The Charolais and Nellore sires were the same for purebreds and G1 and G2. The animals were originated from a reproductive management program consisting of 45 days of artificial insemination and subsequent natural breeding using clean up bulls for another 45 days. Males were generated from the semen of six bulls of each breed, and from four clean up bulls of each breed.
The animals were early weaned at three months of age. Measurements began when the animals were, on average, 8 months of age. Evaluations occurred until 24 months, when the animals were slaughtered. From weaning until 8 months of age, animals were maintained on a millet pasture (Pennisetum purpureum). From 8 until 12 months of age, they were fed in a feedlot. From 12 until 20 months of age, they were kept in native pasture and from 20 to 24 months they were feedlot finished.
Body weight and body measurements were collected at 8, 12, 18, and 24 months of age. The following measurements were obtained: rump height, corresponding to the distance from the top of the sacrum to the soil surface, measured using a set-square; thoracic perimeter, obtained using a tape measure; and width of the ischium or ischial opening measured as the distance between the edges of the ischial bones and rump width, determined as the distance between the edges of the ilium bones, measured from the rear and upper regions of the hip, respectively, using a tape measure. Body measurements and body weights (Table 1) were taken on the same occasion. The effects of heterosis and genetic group on the body growth traits were evaluated from the measurements and the animal weights. The heterosis of each trait was calculated by dividing the average measurements of the crossbred animals within each crossbreed generation by the average of the purebred, with this result subtracted from 1 and multiplied by 100. The retained heterosis was also calculated, with the average of all crossbreeds divided by the average of the purebreds; the result was then subtracted from 1 and multiplied by 100.
The data were analyzed by analysis of variance, and means were compared using the t-test, utilizing the following mathematical model:
where: Y ijkl are the dependent variables (body measurements); µ is the average of all observations in the referred trait; and P i is the effect of the i-th age of observation of the measurements, which are 1 (8 months of age), 2 (12 months of age), 3 (18 months of age), and 4 (24 months of age). P × MS ij is the effect of the i-th period × j-th mating system interaction that are an effect of the j-th mating system, with 1 (pure), 2 (crossbreed from G1), and 3 (crossbreed from G2). P×GG(MS) ikj is the effect of the i-th P × k-th genetic group interaction within the j-th mating system, where GG corresponds to the effect of the genetic group of index k, in which 1 refers to the Charolais and 2 to the Nellore breed, within MS j , 1 corresponds to genetic group 1/2 C 1/2 N and 2 to group 1/2 N 1/2 C within MS j 2; 1 corresponds to animals 3/4 C 1/4 N and 2 to animals 3/4 N 1/4 C. IV l is the co-variable age of the mother of the male of index 1; and E ijkl is the random residual effect.
Results and Discussion
Considering the purebred animals, the Nellore were superior (P<.05) to the Charolais in rump height in all ages ( Table 2 ). The difference in rump height was 4.4; 3.3; 7.6 and 6.2%, respectively, at 8, 12, 18 , and 24 months of age, in favor of the Nellore. The increase in the rump height from 8 to 24 months was 22.1 cm in Charolais and 25.3 cm in Nellore without statistical difference. The greater rump height of Nellore animals is a result of the natural selection process, because the breed originated in India had to adapt to the high temperatures, in which the larger distance between the body and the soil surface results in a lower body temperature on hotter days. Moreover, it should be considered that shrub species were originally present in their grazing environment, and taller animals had an advantage in that they moved more easily and adapt to this type of environment, which prevented injuries and promoted a better productive performance, but which caused them to become late maturing (FOGAGNOLI et al., 2010) .
These factors, combined with high genetic variability and associated with heritability values ranging from 0.30 to 0.58 (CYRILLO et al., 2001) , fixed the elevated height character in the Nellore breed. The increase in the height of zebu animals accompanies a slimmer body frame, as reported in other studies (PEROBELLI et al., 1995) . The choice or selection of taller animals within a certain breed or genetic group may lead to an increase in body size (CAMPOS et al., 2015) and a reduction in early maturing and muscularity in long yearlings (KOURY FILHO et al., 2009; PEREIRA et al., 2010) .
The G1 crossbred animals were similar (P>.05) to the purebred animals with respect to rump height averages from 8 to 12 months of age, and higher (P<.05) from 18 to 24 month, whereas the G2 crossbreds were taller than the purebred averages (P<.05) for all age groups ( Table 2 ). The rump height of the G1 generation was intermediate between the purebred averages and G2, and did not differ (P>.05) from G2 in all age groups. The G1 heterosis for rump height was significant only at 18 and 24 months, while for the G2 it was significant in all age groups. Although there was higher individual heterozygosis of G1 animals, the heterosis was not significant at 8 and 12 month of age, and even though the G2 animals had lower individual heterozygosis, they displayed significant heterosis at all ages because they benefited from the maternal heterosis of their F1 dams. Cerdótes et al. (2004) reported that F1 cows produced more milk than purebreds, resulting in higher weight gain of their calves, and according to Rezende et al. (2011) , the greater rump height of the animals could be explained by higher energy intake. The height of an animal is of fundamental importance because of its positive association with metabolic body size and consequently with its physical requirements (BIF, 2014) . The selection of animals based exclusively on body weight might lead to larger-sized animals which reared in systems with feed restrictions may become late maturing and consequently less efficient (PEREIRA et al., 2010) , as there are reports of negative genetic correlations between rump height and carcass fat thickness .
Early maturing might not be explicit in all situations, since in the present study involving different biotypes, the Charolais, because of their greater adult weight, were later maturing compared with the Nellore. The adult weight of animals can be measured from five years on in large-sized breeds (BOLIGON et al., 2008) , or from four years on in medium-sized breeds (ROSA et al., 2000) , and weight might be positively correlated with body condition scores of Nellore cows (MERCADANTE et al., 2006) . However, in the larger-sized breed Brahman, also zebu, studies have shown that the body condition was significantly higher than for smaller sized animals (LIMA et al., 2004) .
Nevertheless, regarding the precocity for age at puberty, body weight is a decisive factor in its manifestation. Studying the growth of heifers from weaning to first heat from the same genetic groups, Restle et al. (1999b) observed that the Charolais heifers were heavier and younger at puberty as compared with the Nellore heifers, with heterosis being significant for both traits. Positive genetic correlations between growth traits and rump height are high, but the reproductive efficiency is not greatly affected by the rump height (PEREIRA et al., 2010) .
In the comparison of rump height measurements between crossbreds and purebreds, a positive difference was obtained in favor of the crossbreds, with the values observed for the Nellore being very similar to them, whereas the values observed for the Charolais animals were lower, with the difference expressed in percentage showing a quadratic behavior. This assertion is based on the peaks observed in the intermediate ages and a deceleration in the growth of the crossbred animals as they aged, which followed the weight development of the animals, with the crossbred losing their superiority compared to the Charolais animals (MENEZES et al., 2008) . Moreover, the rump height of the ¾ C ¼ N crossbreds was similar to the ¾ N ¼ C crossbreds at 8 and 12 months of age, however, after that the ¾ N ¼ C crossbreds became taller.
Charolais males displayed higher measurements in the ischial opening compared to the Nellore males in all ages (Table 3) ranging from 6.41% at 12 months to 26.14% at 8 months of age. This difference is a result of the intense selection of the Charolais breed for muscle development and weight gain, which are determinants of greater development, body size, and consequently adult weight. Higher muscle expression values in adult Charolais cull cows compared to Nellore were reported by Restle et al. (2002) , who evaluated subjectively the carcass conformation. These results were objectively proved through the higher carcass Longissimus dorsi muscle area, cushion thickness, and forearm perimeter. These measurements are positively correlated with muscle production in the carcass, demonstrating the greater meat potential of Charolais cull cows compared with the Nellore cows in South Brazil (RESTLE et al., 2002) .
Considering the crossbreds, the ischial opening (Table 3 ) and rump width (Table 4) behaved similarly as the males grew, without differences between the genetic groups within the G1 and G2 generations, except for rump width at 8 months of age in the G2 animals, when ¾ C ¼ N displayed higher averages than the ¾ N ¼ C (34.2 versus 29.6 cm). This difference most likely occurred because of the greater maternal ability of the cows (CERDÓTES et al., 2004; AZAMBUJA et al., 2008) during the development stage where animals depend almost exclusively on nutrients originating from maternal milk and because of the higher percentage of Charolais genetic composition, since this breed is selected for heavier weight and, consequently, has a larger body size. Additionally, these animals are less susceptible to weaning stress compared with purebred animals or animals with a predominance of the Nellore (RESTLE et al., 1999a) . The ischial opening and rump width in males are essential parameters in the selection of animals, because larger values are related to a larger muscle deposition area (DI MARCO et al., 2007) , and these are also the regions of more valuable cuts in the bovine carcass (PASCOAL et al., 2010) . Animal breeding programs that study the phenotypic evolution of animals in relation to productivity seek large and deep hindquarters, aiming for a higher percentage of the more valuable meat cuts in the carcass, thereby adding value to the production process (MOURÃO et al., 2010) . Although they were not evaluated in the present study, these measurements are also important in females as they are related to ease at calving (PILAU; LOBATO, 2009 ) and larger udder insertion area in the future dams of the herd (LAGROTTA et al., 2010) .
Heterosis was manifested positively in the different phases of evaluation, in both ischial opening (Table 3 ) and rump width (Table 4) , although not significantly different in all the age periods evaluated. In his study, Restle et al. (2002) observed that in addition to the superiority of the Charolais cows in relation to the Nellore cows, crossbreeding between these breeds resulted in satisfactory levels of heterosis for important carcass related traits. Combining in the F1 animals with greater cold carcass weight and carcass conformation (that are important characteristics of the Charolais breed), and carcass yield and subcutaneous fat thickness (that are important characteristics of the Nellore breed), resulted in animals that produced carcasses with high weight, good conformation, and a high degree of subcutaneous fat (RESTLE et al., 2002) .
Observing the contrast analysis (Tables 3 and 4) there was similarity between the measurements of crossbreds and Charolais. At 8 months of age, there was a superiority of rump width of the Charolais in relation to the Nellore, demonstrating the early bone development to support the larger adult body weight, typical of the Continental breeds.
The selection of Continental breeds in Europe sought meat production and labor, resulting in larger animals with more muscle mass than other European breeds, especially the British, which were selected for production of animals with good carcass finishing and marbled meat (CUNDIFF; GREGORY, 1980) . A similar relationship could be made for the Nellore breed, because the zebu were naturally selected for rusticity in response to hot climates, resulting in animals with slimmer frames, that are lighter and with less muscle and bone tissue mass, but with better carcass fat finishing (RESTLE et al., 2002) .
With the advancement of age, the superiority in growth of crossbreds because of heterozygosity, began to manifest in relation to both the Charolais and Nellore breeds, being more evident in relation to the latter, which did not suffered in its formation, selection for body development (KRATZ et al., 2001 ).
At 8 months of age, the ischial opening and rump width in the Nellore was, respectively, 21.89 (Table  3 ) and 10.96% (Table 4) lower than the crossbreds, demonstrating that the maternal effect on animals growth occurs before the weaning age and that the genotypes respond differently to weaning stress. Subsequently, the Nellore animals reduced the difference compared to the crossbreds, although with values still inferior in body development.
The differences between crossbreds and purebreds, expressed by the heterosis values, show that crossbreeding is an alternative to improve animal performance (RESTLE et al., 1999a; PEREIRA et al., 2000) , taking advantage of the effect of the direct and maternal heterosis resulting from the crossbreeding (GREGORY et al., 1991) . This is important primarily for better animal performance when there are nutritional limitations resulting from climatic variations that interfere with the production and quality of natural pastures, particularly when these are the basic feed for the cattle (VAZ et al., 2012) .
The thoracic perimeter of the Charolais was significantly larger than that in the Nellore at 8, 12 and 18 months of age (Table 5) , without significant difference at 24 months. The thoracic perimeter difference between the two breeds was similar at 8 and 12 months, declined at 18 months, and disappeared at 24 months close to slaughter, demonstrating a deceleration in growth of the Charolais as compared to that of the Nellore or because the deposition of subcutaneous fat was higher in the rib region in the Nellore animals. The greater deposition of fat in the Nellore might have led to a greater accumulation of fat in the thoracic region, which was a decisive factor in the nonexistence of differences near the slaughter.
Comparing the same genetic groups, Restle et al. (2000) verified an additive genetic effect of the Charolais breed reflected in lower fat deposition in the carcass compared with the Nellore breed.
The thoracic perimeter did not differ (P>.05) within the crossbred generations between the genetic groups, irrespective of the evaluated ages. The only exception was at 8 months of age in G2, in which the highest mean was observed in the animals with greater Charolais genetic composition, because of the selection of the breed for greater muscle development, weight gain, and adult weight, and because of the lower stress of the animals at weaning. The thoracic perimeter is the body measurement with the lowest variation and is the most precise in determining growth (PACHECO et al., 2008) . In the comparison between the crossbreds and purebreds, a more marked superiority was obtained in the former compared to the Nellore, demonstrating the smaller body size of the Nellore breed and the non-selection of this breed for body size, but rather for adaptation to the tropical environment. This difference was not as expressive when crossbreds were compared with the Charolais.
The evaluated measurements increased in all genetic groups, following the body weight gain of the animals (Table 6 ). In the averages of the crossbred G1 and G2 generations, no significant differences occurred in relative development between the body weights and measurements of the animals. In the ¾ N ¼ C animals of G2 generation, the weight gain for every centimeter of increase in thoracic perimeter was lower (P<.05) than for the other crossbreds. The results demonstrate that the increase in weight is highly correlated with an increase in body size. A greater development of the thoracic perimeter is a consequence of the muscle and fat depositions having different growth curves than that of the skeleton, which stops developing when the animal reaches maturity (ROCHA et al., 2003) . However, evaluating the morphology of Nellore cattle and crosses with Limousin cattle, Mourão et al. (2010) did not find differences in morphometric measurements such as height, rump length, and thoracic perimeter, but these authors worked with similar slaughter weights, demonstrating that the morphometric measurements are related to the development of the animals.
Between the purebred animals, differences occurred in growth in units of weight per cm, with the Charolais animals having greater weight gain per cm of rump height and rump width, and the Nellore animals having greater weight gain per cm of thoracic perimeter. The greater growth in rump width in the Charolais animals is partly owing to the selection of the breed for muscle development and growth. In the present study, early-weaned Charolais animals did not experience full development, partially because of dietary deficiencies and their higher maintenance requirements since they were heavier than the Nellore animals, whose energy requirements were supplied by their mother´s milk (RESTLE et al., 1995) . European breeds and their inclusion in crosses with zebu breeds normally increase the weight of the animals, and this has a direct relationship on the resulting animal size and rump height (PEROTTO et al., 2000) .
The measurements of ischial opening responded similarly to rump height, with greater growth observed in the Charolais than in the Nellore in units of weight per cm. These results are the effects of the intense selection in the Charolais breed for growth and muscle development to which it was subjected to during its formation; as a consequence, it requires a larger bone structure. Despite their larger muscle deposition, Charolais animals do not have a greater proportion of bones, but rather a larger rump width, responsible for the results of greater muscle deposition and better conformation and lower proportion of bones in the carcass (RESTLE et al., 2001 ). No significant differences were found between the crossbred and purebred animals, except for the increase in ischial opening in units of weight per cm of growth where the crossbred animals, regardless of the generation, had higher measurements than the purebred animals, but they did not differ from each other. Despite the lack of significant differences, increases in heterosis were present in both generations for the relative growth in units of weight per increase in body measurements.
The correlations between body measurements, irrespective of the evaluation period, were significant and positive (P<.01), indicating that animal growth is uniform and harmonious among the variables related to development. When the morphometric measurements were correlated with the total weight gain of the animals from 8 to 24 months, positive and significant correlation (P<.01; P<.05) was observed, which demonstrates the association between animal growth and development. The thoracic circumference had the highest correlation with weight gain (.70; P<.01) of the morphometric measurements, indicating that it can be utilized for the prediction of animal weight when scales are not available, and it should be further studied to obtain more accurate facts (LÔBO et al., 2002) .
Other measurements such as length and height might vary according to skeletal growth, and can also vary according to the deposition of fat that affects the points of reference of the measurements, with its growth ceasing when the animal reaches maturity (ROCHA et al., 2003) , while the thoracic perimeter is the linear measurement of greatest precision in the determination of muscle growth.
Conclusions
Crossbred males from rotational crossbreeding between the Charolais and Nellore breeds show higher morphometric values when compared with purebred animals, displaying significant heterosis.
Among the purebred animals, the bovines of Nellore breed are superior in rump height, whereas the Charolais have greater thoracic-circumference measures from 8 to 18 months, and higher ischial opening.
The body measurements showed high correlations with each other and with the body weight, so they are good indicators of weight development.
